Repeated pairings of a particular visual context with a specific location of a target stimulus facilitate target search in humans. We explored an animal model of such contextual cueing. Pigeons had to peck a target, which could appear in 1 of 4 locations on color photographs of real-world scenes. On half of the trials, each of 4 scenes was consistently paired with 1 of 4 possible target locations; on the other half of the trials, each of 4 different scenes was randomly paired with the same 4 possible target locations. In Experiments 1 and 2, pigeons exhibited robust contextual cueing when the context preceded the target by 1 s to 8 s, with reaction times to the target being shorter on predictive-scene trials than on random-scene trials. Pigeons also responded more frequently during the delay on predictive-scene trials than on random-scene trials; indeed, during the delay on predictive-scene trials, pigeons predominately pecked toward the location of the upcoming target, suggesting that attentional guidance contributes to contextual cueing. In Experiment 3, involving left-right and top-bottom scene reversals, pigeons exhibited stronger control by global than by local scene cues. These results attest to the robustness and associative basis of contextual cueing in pigeons.
The environment is replete with visual information. At any given time, people must attend to relevant stimuli and ignore irrelevant stimuli in order to engage in adaptive behavior. For example, to safely cross the street, we attend to the color of the traffic lights as well as to the motion of nearby cars and pedestrians, while we simultaneously ignore the buildings and trees along the roadway. Salient visual objects can unconditionally command our attention (Awh, Belopolsky, & Theeuwes, 2012 ). Yet such "bottom-up" control may not tell the full story of how we navigate the complex visual contexts that we confront in everyday life; experiencedependent "top-down" control may also play a key part in behavioral adaptation (Chun, 2000) . For instance, should we be looking for a pharmacy in France, we would do well to peer above the doorways in which a green cross is most likely to be displayed; but should we be seeking a street sign, we would best be advised to gaze toward corner buildings, where road placards are most likely to be affixed.
The significance of context to visual object identification has long been appreciated (e.g., Biederman, 1972) . Still, more recent research by Chun and Jiang (1998) initiated a new chapter on the importance of contextual stimuli to adaptive visual behavior.
These investigators discovered that the spatial configuration of objects in a visual scene can serve as a powerful contextual cue, facilitating an individual's search for a target item.
Specifically, Chun and Jiang (1998) found that when the specific location of a target was consistently associated with a particular spatial arrangement of distractor items in the display, reaction times (RTs) to identify the target became reliably shorter than when the target appeared in newly generated spatial arrangements of the same distractor items. Chun and Jiang called this RT benefit the contextual cueing effect and proposed that contextual cueing is caused by attention being guided toward the location of the target, owing to learned associations between the context and the location of the target.
Subsequent research has sought to elucidate the perceptual and cognitive mechanisms underlying contextual cueing in humans. Possible animal models of contextual cueing have only recently been developed (for pigeons : Brooks, Rasmussen, Hollingworth, & Wasserman, 2008 ; for rhesus monkeys: Brooks, Dai, & Sheinberg, 2011) , with the recent article by Goujon and Fagot (2013;  for baboons) being the first published demonstration. Here, we report the results of a new pigeon analog of the human contextual cueing task in the hope of shedding fresh light on the comparative and associative mechanisms underlying contextual cueing. Chun (2000) offered two compelling justifications for the comparative study of contextual cueing. First, most research in visual processing gives little consideration to the history of the observer; being endowed with the capacity to see also requires that organisms learn to interpret their visual world based on their experience in it. Second, more needs to be understood concerning the neural mechanisms and evolutionary origins of attentional guidance. For these reasons, animal models are critical for controlling and isolating the role of learning in contextual cueing, as well as for elucidating its physiological and phylogenetic foundations (Lazareva, Shimizu, & Wasserman, 2012) .
A critical feature of our present project was that it used photographs of real scenes as experimental contexts. Although contextual cueing has been demonstrated in humans using both naturalistic scenes and arrays of abstract distractors (e.g., Brockmole & Henderson, 2006a , 2006b Rosenbaum & Jiang, 2013) , experiments have consistently shown that lifelike scene-target associations are learned faster and more strongly contribute to search time benefits than do distractor array-target associations. Thus, we used color photographs of real-world scenes in order to maximize the effect of contextual cueing on pigeons' visually guided behavior.
We also investigated the time between context and target presentation (stimulus onset asynchrony [SOA]) from 0 s to 8 s to see if different SOAs differentially affect contextual cueing. In most human studies of contextual cueing, the context and target are simultaneously presented. Only a few studies have programmed a nonzero SOA between context and target presentation, ranging from 250 ms to 1,500 ms (Geyer, Zehetleitner, & Müller, 2010; Goujon, 2011; Y. V. Jiang, Sigstad, & Swallow, 2013; Kunar, Flusberg, & Wolfe, 2006 , 2008 Ogawa & Kumada, 2008; Peterson, & Kramer, 2001) . Even fewer studies have parametrically investigated the effect of the SOA on contextual cueing. Kunar et al. (2006) found a slight weakening of contextual cueing with increasing SOAs, and Kunar et al. (2008) observed a more robust SOA effect when placeholders demarcated the possible target locations. More recently, Jiang et al. (2013) reported that contextual cueing was similar across SOAs from 0 ms to 1,000 ms.
This manipulation of SOA also afforded us the ability to explore the possible role of attentional guidance by closely monitoring the pigeons' behavior during the 1 s to 8 s prior to the presentation of the target. Here, we leveraged the fact that pigeons will make unsolicited anticipatory reports in the location of impending stimuli that predict reward (Brooks, 2010) , which can be used as an online measure of attentional guidance similar to the use of eye and hand movements in human subjects (see Peterson & Kramer, 2001; Spivey, 2008) .
In overview, the present project used photographs of real-world scenes to explore contextual cueing and its possible mechanisms in pigeons. In Experiments 1 and 2, we gave the same experimental procedures to two different sets of birds in different orders. On half of the daily trials, each of four scenes perfectly predicted the target's location (predictive condition); on the other half of the trials, none of four other scenes predicted the target's location, with the target randomly appearing in one of the same four possible locations (random condition). Evidence of contextual cueing would come from shorter RTs in the predictive condition than in the random condition. Furthermore, we manipulated the temporal delay between presentations of the contextual stimuli and the target stimuli to see what effect this delay would have on contextual cueing. We also monitored pecking during the delay to see if such anticipatory responding provided any clues as to the associative nature of contextual cueing.
Finally, in Experiment 3, we vertically and horizontally reversed the predictive photographic scenes to see whether the global scene contexts and/or the local cues in the immediate vicinity of the upcoming target exerted greater control over pigeons' visually directed responding. Assessing the contributions of global and local cues has been a topic of considerable interest to researchers studying animal spatial cognition (Brown & Cook, 2006) .
General Method Animals
We kept eight feral pigeons at 85% of their free-feeding weights. The four birds in Experiment 1 and the four other birds in Experiment 2 had participated in unrelated studies before beginning this project; none had seen photographs of real-world scenes. Both groups of pigeons were combined to serve in Experiment 3.
Apparatus
We used four 36 ϫ 36 ϫ 41-cm conditioning chambers (detailed by Castro, Kennedy, & Wasserman, 2010) located in a dark room supplied with continuous white noise. Each chamber was equipped with a 15-in. LCD monitor behind a resistive touchscreen. The viewable portion of the screen was 28.5 cm ϫ 17.0 cm. Pecks to the touchscreen were processed by a serial controller outside the chamber. A rotary dispenser delivered 45-mg food pellets through a vinyl tube into a plastic cup just above the wire floor in the center of the rear wall opposite the touchscreen. Illumination during experimental sessions was provided by a houselight on the upper rear wall of the chamber. The pellet dispenser and houselight were controlled by a digital I/O interface. Each chamber was controlled by an iMac computer. Programs were developed in MatLab with Psychtoolbox-3 extensions (Brainard, 1997; Pelli, 1997 ; http://psychtoolbox.org/).
Stimulus Materials
In pretraining, the context was a single photograph (snow and ice). In training, the contexts were eight different photographs. Four of the training photographs (desert, cornfield, mountain, lake) depicted nature scenes; the other four training photographs (street, highway, house, cemetery) also included human-made items. The 16.5 ϫ 16.5-cm scenes were displayed in full color at a resolution of 555 ϫ 555 pixels.
The same target was used in pretraining and training-an abstract shape consisting of nine white concentric circles superimposed on a dark gray square (3 ϫ 3 cm). The target could appear in the top-left, top-right, bottom-left, and bottom-right corners of the contexts, 1.4 cm from the borders of the contextual image.
Pretraining
To familiarize the pigeons with the basic task before beginning Experiments 1 and 2, the birds had to peck the target, which randomly appeared in one of four possible locations on the pretraining photograph. The context was always the same photograph, so that it could not predict the location of the target. Pretraining comprised 240 trials (60 randomly scheduled presentations of the target in each corner of the pretraining image) and continued for 3 days prior to training.
Design
On half of the trials (predictive condition) in Experiments 1, 2, and 3, the identity of one of the four scenes (house, mountain, lake, This document is copyrighted by the American Psychological Association or one of its allied publishers.
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and cemetery) was consistently paired with one of four possible locations (top-left, top-right, bottom-left, and bottom-right corners) in which the target could appear (see Figure 1) . The scenelocation pairings were counterbalanced across birds in each experiment. On the other half of the trials (random condition), the other four scenes (street, desert, cornfield, and highway) were randomly paired with the target's four possible locations (not shown in Figure 1 ). To explore the effect of differing SOAs between the context and the target, we created two separate training regimes and taught them to two different sets of four pigeons. These training regimes have been separated into Experiments 1 and 2. In Experiment 1, we first trained with a 2-s SOA (Experiment 1a), tested with variable SOAs (Experiment 1b), and finally ran an extended 0-s SOA phase (Experiment 1c). In Experiment 2, we first trained with a 0-s SOA (Experiment 2a), tested with variable SOAs (Experiment 2b), and finally ran an extended 2-s SOA phase (Experiment 2c). In each experiment, pigeons received sets of both predictive and random contexts; the between-subjects manipulation involved the order of the SOA training.
RT Analysis
We excluded from our RT analyses any outlier trials on which the RT to the target equaled or exceeded 20 s; fewer than 0.20% of the trials were excluded across all three experiments. Furthermore, before any inferential statistical analyses were conducted, pigeons' RTs were subjected to logarithmic transformation in order to bring these RT distributions into closer accord with normality. In addition to reporting and depicting the outcomes of the statistical analyses of these log-transformed scores, we also report the main nontransformed RTs in milliseconds to provide a clearer idea of the speed of pigeons' responses to the target stimuli; these nontransformed RTs appear in parentheses in the Results section of our experiments.
Experiment 1
In our first investigation into scene-based contextual cueing in pigeons, we consistently paired each of four scenes in the predictive condition with each of four locations in which the target was about to appear; we randomly paired each of four different scenes Figure 1 . Examples of the predictive scene stimuli shown with the target stimulus superimposed in the four possible target locations. Each pigeon was shown uniquely counterbalanced context-target location pairings. The color version of this figure appears in the online article only. This document is copyrighted by the American Psychological Association or one of its allied publishers.
in the random condition with the same four target locations. We initially set the SOA to 2 s (Experiment 1a). Then, to see whether different SOAs would affect the strength of contextual cueing, we randomly varied the SOA across days among 0-, 1-, 2-, 4-, and 8-s values (Experiment 1b). Finally, we explored whether contextual cueing could be sustained when there was no delay between onset of the contextual stimuli and the target (Experiment 1c).
Experiment 1a
Training. Daily training sessions comprised 256 trials. Each trial began with a start stimulus-a black plus sign in the center of a small white square (3 ϫ 3 cm)-in the center of the screen. After one peck anywhere on the start stimulus, the context involving one of the eight possible scenes appeared in the center of the black screen. The context was presented for 2 s, during which we recorded the number and location of any pecks that occurred; no SOA pecks were ever required. After 2 s, the target was superimposed on the scene in one of four possible locations. The pigeons had to peck the target once, after which food was delivered (one 45-mg pellet) and a 10-s intertrial interval ensued, during which the screen went black. The time between target onset and pigeons' pecking it was recorded. Training lasted 20 days.
Results. Across multiple training days, a predictive relationship between the background context and the target location clearly speeded the pigeons' responses when compared with a random relationship. The disparity between RTs at the start of training (213 ms) grew to a much larger disparity (437 ms) by the end of training. Learning curves that depict the growth of this disparity can be found in the top portion of Figure 2 . The generally falling scores indicate that RTs were much briefer in the predictive condition than in the random condition, and that the disparity in RT grew larger as training progressed. These scores were submitted to a repeated-measures analysis of variance (ANOVA) with condition (predictive vs. random) and day (1 to 20) as withinsubjects factors. The significant main effect of day, F (19, 57) .72] , indicating that the predictive-random disparity grew greater throughout training although beginning at nearly the same RT value on Day 1; Tukey post hoc analyses revealed that the predictive-random disparity was significant from Day 2 onward.
We next compared the rate of pigeons' anticipatory responding to the predictive versus random contexts. The top of Figure 3 depicts the mean rate of anticipatory responding (in pecks per second) in the predictive and random conditions as a function of days of training. These generally rising scores indicate that the pigeons exhibited a higher rate of anticipatory pecking in the predictive condition than in the random condition, and that the disparity in anticipatory pecking grew larger from 0.03 pecks per second on Day 1 to 0.44 pecks per second on Day 20. These scores were submitted to a repeated-measures ANOVA with condition (predictive vs. random) and day (1 to 20) as within-subjects factors. The main effect of day was significant, F (19, 57) Next, the location of anticipatory responding to the photographic contexts was analyzed. Preliminary analyses found no Mean Log RTs (ms) for the predictive and random conditions as a function of days of training in Experiment 2c: 2-s delay. Error bars represent the standard error of the mean. The following is a guide to calibrating Log RTs to RTs (ms): Log RT of 6 ϭ 403 ms; Log RT of 6.5 ϭ 665 ms; Log RT of 7 ϭ 1,097 ms; and Log RT of 7.5 ϭ 1,808 ms. This document is copyrighted by the American Psychological Association or one of its allied publishers.
discriminative anticipatory responding in the random condition, because these contexts were randomly paired with the target's location; thus, only trials in the predictive condition were formally analyzed. In addition, because we were concerned with where any recorded anticipatory pecks were directed, only trials with pecks were considered. For this analysis, the entire area in which anticipatory pecks could be made was divided into equal-sized quadrants. If a peck was made in the quadrant in which the target was next to appear, then it was deemed to be a correct anticipatory response; if the peck was made outside that quadrant, then it was deemed to be an incorrect anticipatory response. Because an incorrect anticipatory response was 3 times more likely to occur by chance than was a correct anticipatory response, incorrect anticipatory pecks were divided by 3 to equate their a priori probability of occurrence.
The top of Figure 4 illustrates the mean rate of correct and incorrect anticipatory responding as a function of days of training. Correct anticipatory pecking increased throughout training from 0.20 pecks per second on Day 1 to 1.18 pecks per second on Day 20, compared with incorrect anticipatory pecking, which remained constant. The adjusted rate of anticipatory responding to the contexts was analyzed using a repeated-measures ANOVA with response type (correct vs. incorrect anticipatory responding) and day (1 to 20) as within-subjects factors. The main effect of response type was significant, F(1, 3) This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. .48] , indicating that the correctincorrect disparity grew greater throughout training although beginning at virtually the same value on Day 1; Tukey post hoc analyses revealed that the correct-incorrect disparity first became significant on Day 11.
Comparing the top of Figure 2 with the top of Figure 4 suggests that both the disparity in RTs between the predictive and random contexts, as well as the disparity between correct and incorrect anticipatory contextual pecking in the predictive condition, grew larger throughout training. We calculated the daily mean disparity scores for the RTs (predictive vs. random) and the anticipatory contextual responses (correct vs. incorrect location) and correlated them with one another. The resulting correlation coefficient was 0.87, p Ͻ .001, suggesting that the increasing preponderance of correct anticipatory responses made to the predictive contexts may have contributed to the RT benefit in the predictive condition.
Experiment 1b
Training. The training procedure in Experiment 1b was the same as in Experiment 1a, except that the delay between onset of the context and onset of the target varied randomly among 0-, 1-, 2-, 4-, and 8-s values across days within each block of 5 days. On 0-s SOA days, the context and target were simultaneously presented; on 1-, 2-, 4-, and 8-s SOA days, the context was presented 1, 2, 4, and 8 s, respectively, before the target. Training lasted 30 days.
Results. The top of Figure 5 displays mean Log RTs (ms) for each condition and each SOA. Overall RTs tended to decline with increases in the SOA, with the decrease being greater for predictive contexts than for random contexts. These scores were submitted to a repeated-measures ANOVA with condition (predictive vs. random), SOA (0, 1, 2, 4, and 8 s), and block (six 5-day blocks) as within-subjects factors. The main effect of condition, F(1, 3) ϭ 464.22, p Ͻ .001, p 2 ϭ .99, 95% CI [.52, 1.00], was significant, with RTs in the predictive condition (M ϭ 919 ms, SE ϭ 61.49) generally shorter than those in the random condition (M ϭ 1,175 ms, SE ϭ 70.57), confirming contextual cueing. A significant main effect of SOA was also obtained, F(4, 12) ϭ 10.64, p Ͻ .001 p 2 ϭ .78, 95% CI [.30, .84]; Tukey post hoc analyses revealed that RTs at the 0-s SOA were significantly longer than those at the 1-, 2-, 4-, and 8-s SOAs, p Ͻ .05, but RTs at the 1-, 2-, 4-, and 8-s SOAs were not significantly different from one another. The Condition ϫ SOA interaction was also significant, F(4, 12) ϭ 7.76, p Ͻ .01 p 2 ϭ .72, 95% CI [.18, .80] . Tukey post hoc analyses revealed that contextual cueing was observed at each SOA, p Ͻ .05, except 0 s; in addition, the RT disparity tended to be the greatest at 2 s. Finally, there was a significant Block ϫ Condition ϫ SOA interaction, F(20, 60) ϭ 1.74, p ϭ .05, p 2 ϭ .67, 95% CI [.00, .35]. To further explicate the three-way interaction, we calculated the RT disparity between the predictive and random conditions for each block of training; we found that the contextual cueing effect was greatest in the first block and then fell slightly in later training blocks.
We next compared the rate of pigeons' anticipatory responses with the predictive versus random contexts. Because no anticipatory responding was possible in the 0-s SOA condition, only pecks in the 1-, 2-, 4-, and 8-s SOA conditions were analyzed. The top of Figure 6 depicts the mean rate of anticipatory responding for each condition and each SOA. Pigeons tended to exhibit a higher rate of anticipatory responding in the predictive condition (M ϭ 0.74 pecks per second, SE ϭ 0.06) than in the random condition (M ϭ 0.49 pecks per second, SE ϭ 0.06), with the disparity in anticipatory pecking in the predictive and random conditions remaining relatively constant across the different SOAs. However, a repeated-measures ANOVA with condition (predictive vs. random), SOA (1, 2, 4, and 8 s), and block (six 5-day blocks) as Error bars represent the standard error of the mean. As a guide to calibrating Log RTs to RTs (ms): Log RT of 6 ϭ 403 ms; Log RT of 6.5 ϭ 665 ms; Log RT of 7 ϭ 1,097 ms; and Log RT of 7.5 ϭ 1,808 ms. This document is copyrighted by the American Psychological Association or one of its allied publishers.
within-subjects factors revealed no reliable main effects or interactions.
We also analyzed the location of anticipatory responses to the predictive contexts. The top of Figure 7 depicts the mean rate of correct and incorrect anticipatory responding at each SOA. The birds exhibited a higher rate of correct anticipatory pecking (M ϭ 0.79 pecks per second, SE ϭ 0.08) than incorrect anticipatory pecking (M ϭ 0.10 pecks per second, SE ϭ 0.02) at each SOA, with the disparity tending to be greatest at 2 s. Anticipatory responding to the contexts was analyzed using a repeatedmeasures ANOVA with response type (correct vs. incorrect anticipatory response), SOA (1, 2, 4, and 8 s), and block (six 5-day blocks) as within-subjects factors. A significant main effect of SOA was obtained, F(3, 9) ϭ 26. 
Experiment 1c
Training. The training procedure was the same as in Experiment 1a, except that the context and target were simultaneously presented. Training lasted 20 days. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Results. The top of Figure 8 shows that mean Log RTs (ms) exhibited no strong discrepancy between the predictive and random conditions, although RTs were a bit briefer in the predictive condition (M ϭ 1,155 ms, SE ϭ 40.23) than in the random condition (M ϭ 1,232 ms, SE ϭ 41.30); overall RTs fell slightly over the course of training. A repeated-measures ANOVA with condition (predictive vs. random) and day (1 to 20) as withinsubjects factors revealed a significant main effect of day, F(19, 57) ϭ 2.30, p Ͻ .01, p 2 ϭ .43, 95% CI [.04, .43], but no significant main effect of condition or interaction between the two variables.
Experiment 2
In Experiment 2, we gave a different set of pigeons the same procedures as in Experiment 1, but we reversed their order of administration. Doing so allowed us to assess the robustness of our initial results as well as to determine if there were measurable sequence effects. First, as in Experiment 1c, we simultaneously presented the context and the target to see whether a delay between context and target was necessary for contextual cueing to occur (Experiment 2a). Second, we randomly varied the SOAs among the same five values as in Experiment 1b (Experiment 2b). Finally, we trained the birds with the 2-s SOA alone as in Experiment 1a (Experiment 2c).
Experiment 2a
Training. The training procedure was the same as in Experiment 1c.
Results. The bottom of Figure 8 shows that we observed no difference in mean Log RTs (ms) between the predictive and random conditions, with RTs remaining relatively constant over the 20 days of initial training. A repeated-measures ANOVA with condition (predictive vs. random) and day (1 to 20) as withinsubjects factors revealed no significant main effect of day, condition, or interaction. Thus, just as in Experiment 1c (Figure 8 , top), we did not obtain a reliable contextual cueing effect at a 0-s SOA, even though the predictive contexts (M ϭ 1,178 ms, SE ϭ 23.52) supported slightly shorter RTs than the random contexts (M ϭ 1,206 ms, SE ϭ 26.84).
Experiment 2b
Training. The training procedure was the same as in Experiment 1b.
Results. The bottom of Figure 5 displays mean Log RTs (ms) for each condition and each SOA. As in Experiment 1b (Figure 5, top) , overall RTs tended to decline with increases in the SOA, with the decrease being greater to the predictive contexts. A repeatedmeasures ANOVA with condition (predictive vs. random), SOA (0, 1, 2, 4, and 8 s), and block (six 5-day blocks) as within-subjects factors revealed a significant main effect of condition, F (1, 3) Mean Log RTs (ms) for the predictive and random conditions as a function of days of training in Experiment 2a: 0-s delay. Error bars represent the standard error of the mean. As a guide to calibrating Log RTs to RTs (ms): Log RT of 6 ϭ 403 ms; Log RT of 6.5 ϭ 665 ms; Log RT of 7 ϭ 1,097 ms; and Log RT of 7.5 ϭ 1,808 ms. This document is copyrighted by the American Psychological Association or one of its allied publishers.
analysis to the initial training block. These RTs were submitted to a repeated-measures ANOVA with condition (predictive vs. random) and SOA (0, 1, 2, 4, and 8 s) as within-subjects factors. A significant main effect of condition was obtained, F(1, 3) ϭ 13.11, p Ͻ .05, p 2 ϭ .81, 95% CI [.00, .91], with the predictive condition (M ϭ 981 ms, SE ϭ 53.25) supporting briefer RTs than the random condition (M ϭ 1,261 ms, SE ϭ 82.46); this RT advantage indicates that contextual cueing was present in the very first block of training. The rapid emergence of contextual cueing suggests that the birds may have already learned the associations between the contexts and the target locations during the immediately preceding 20 days of training at the 0-s SOA, even though they did not earlier show any sign of having acquired these associations. The Condition ϫ SOA interaction was also significant, F(4, 12) ϭ 5.16, p Ͻ .05, p 2 ϭ .63, 95% CI [.06, .74]; Tukey post hoc analyses indicated that contextual cueing effect was reliable at each SOA, p Ͻ .05, except 0 s. And, as in Experiment 1b, the RT disparity was greatest at 2 s. The main effect of SOA was not significant. To further illuminate the three-way interaction, we calculated the disparity in RT between the predictive and random conditions for each block of training. These scores confirmed that the contextual cueing effect was present in the very first block and that it generally grew in strength in subsequent blocks of training.
Next, we compared the rate of pigeons' anticipatory responding with the predictive versus random contexts in the 1-, 2-, 4-, and 8-s SOA conditions. The bottom of Figure 6 depicts the mean rate of anticipatory pecking for each condition and each SOA. Pigeons generally exhibited a higher rate of anticipatory responding in the predictive condition (M ϭ 0.48 pecks per second, SE ϭ 0.03) than in the random condition (M ϭ 0.27 pecks per second, SE ϭ 0.03) at each SOA; responding also rose at longer SOAs, with the rise being greater to predictive than to random contexts. A repeatedmeasures ANOVA with condition (predictive vs. random), SOA (1, 2, 4, and 8 s), and block (six 5-day blocks) as within-subjects factors revealed a significant main effect of SOA, F (1, 3) .66 ]; Tukey post hoc analyses revealed that the predictive-random disparity in anticipatory responding was significant at each SOA, p Ͻ .05, except 1 s. No other main effect or interaction was significant. We also examined the predictive-random disparity in the rate of anticipatory responding in each of the six blocks of training; we found that the disparity was evident even in the first block and that it generally increased as training progressed.
Comparing the top and bottom portions of Figure 6 suggests a disparity in pigeons' rate of anticipatory responding to the predictive and random contexts in our two experiments; that disparity may have resulted from the immediately prior phase of training. Birds in Experiment 1b may have become accustomed to a 2-s SOA because of the previous 20 days of 2-s SOA training; thus, they pecked most rapidly at the 2-s SOA, with their rate falling at both shorter and longer SOAs. By comparison, birds in Experiment 2b may have become accustomed to a 0-s SOA, in which anticipatory pecking was impossible. When these birds were given the full set of nonzero SOAs, they pecked at higher rates as the available time to respond was increased.
Finally, we analyzed the location of anticipatory pecks to the predictive scene contexts. The bottom of Figure 7 shows the mean rate of correct and incorrect anticipatory responding at each SOA. Just as in Experiment 1b, the birds exhibited a higher rate of correct anticipatory pecking than incorrect anticipatory pecking at each SOA, with the disparity tending to be greatest at 2 s. These scores were submitted to a repeated-measures ANOVA with response type (correct vs. incorrect anticipatory response), SOA (1, 2, 4, and 8 s), and block (six 5-day blocks) as within-subjects factors. The main effect of response type was significant, F(1, 3) 
Experiment 2c
Training. The training procedure was the same as in Experiment 1a.
Results. The bottom of Figure 2 shows that mean Log RTs (ms) were much briefer in the predictive than in the random condition. A repeated-measures ANOVA with condition (predictive vs. random) and day (1 to 20) as within-subjects factors disclosed a significant main effect of condition, F(1, 3) ϭ 45.87, p Ͻ .01, p 2 ϭ .94, 95% CI [.00, .97], with the predictive condition (M ϭ 717 ms, SE ϭ 23.57) supporting briefer RTs than the random condition (M ϭ 1,114 ms, SE ϭ 30.18), although there was no main effect of day or interaction between these variables.
The bottom of Figure 3 shows that the mean rate of anticipatory pecking in the predictive condition (M ϭ 0.64 pecks per second, SE ϭ 0.04) tended to be greater than in the random condition (M ϭ 0.23 pecks per second, SE ϭ 0.03), with this disparity increasing over the 20 days of training. A repeated-measures ANOVA with condition (predictive vs. random) and day (1 to 20) as withinsubjects factors revealed a significant Condition ϫ Day interaction, F(19, 57) ϭ 2.77, p Ͻ .01, p 2 ϭ .48, 95% CI [.10, .48]; Tukey post hoc analyses indicated that the predictive-random disparity was reliable as early as Day 1, p Ͻ .05.
The mean rate of correct and incorrect anticipatory pecking during the 20 days of training is shown in the bottom of Figure 4 . Correct anticipatory pecking greatly exceeded incorrect anticipatory pecking, with the disparity remaining constant throughout training. A repeated-measures ANOVA with response type (correct vs. incorrect anticipatory response) and day (1 to 20) as within-subjects factors revealed a significant main effect of response type , F(1, 3) 
Discussion of Experiments 1 and 2
The present pair of experiments clearly document contextual cueing in pigeons using real-world photographic scenes. As trainThis document is copyrighted by the American Psychological Association or one of its allied publishers.
ing progressed in Experiment 1a (Figure 2, top) , target search became faster in the predictive condition (in which the locations of the target were consistently associated with specific contexts) than in the random condition (in which such consistent context-target associations were precluded). In addition, the rise in anticipatory responses during the context-target delay that were discriminatively directed toward the location of the upcoming target in the predictive condition (Figure 4 , top) was reliably correlated with the RT advantage in the predictive condition (Figure 2, top) . Actively attending to, and pecking toward, the location of the upcoming target might well have contributed to lower RTs in the predictive condition, because pigeons would have been positioned closer to the target in that condition than in the random condition. This strong correlation between the emergence of contextual cueing and the increase in anticipatory responses directed toward the upcoming target in the predictive condition supports the attentional guidance hypothesis advanced by Chun and Jiang (1998) . Our results are also consistent with those of a related human study in which the contextual stimuli were shown 1,000 ms before search onset (Peterson & Kramer, 2001 ). There, eye movements disclosed that greater proportions of initial fixations were placed on the target when the contextual configurations were repeated than when they were novel; indeed, on average, the first saccade was closer to the target for repeated configurations than for novel configurations (see Kunar et al., 2008 , for additional results).
Although the aforementioned investigations, along with electrophysiological studies (Olson, Chun, & Allison, 2001; Schankin & Schubö, 2009) , suggest that contextual cueing may be a result of attentional guidance toward the location of the target, Kunar and colleagues (2006) have reported contradictory findings. These authors varied the number of distractors and calculated search slope as a measure of attentional guidance. No changes in search slope were observed across nine separate experiments, suggesting that the RT benefits were not facilitated by attention being guided by contextual cueing.
Instead, Kunar, Flusberg, Horowitz, and Wolfe (2007) proposed that late-stage, facilitated response production might contribute to contextual cueing. According to this account, contextual cueing may decrease the threshold to make a response after the target is detected, resulting in faster RTs in a repeated context than in a novel one. These authors reported that when interference was added to the response production process, no RT benefit of predictive contexts over random ones was observed (Kunar et al., 2007, Experiment 3) . In addition, changing from a discrimination task to a detection task and introducing target-absent trials eliminated contextual cueing (Kunar & Wolfe, 2011, Experiment 5) .
It is, of course, entirely possible that both attentional guidance and facilitated response production contribute to contextual cueing. Event-related-potential studies suggest that response-related processes, in addition to visual-spatial guidance, may contribute to contextual cueing (Schankin & Schubö, 2009 ). In addition, a recent eye-movement study suggests that although attentional guidance accounts for most of the contextual cueing effect, facilitated response production also plays a measurable part (Zhao et al., 2012) .
In the present study, the robust correlation between the decrease in RTs and the increase in discriminative anticipatory pecks throughout training suggests that our photographic contexts were effectively guiding the pigeons' attention and pecking toward the location of the target before it was even presented, rather than facilitating response production after the target was detected, thereby shortening the RTs for the predictive displays compared with the random displays (also see Jiang et al., 2012) .
In addition, we found that an SOA of 0 s did not promote the expression of contextual cueing in Experiment 2a (Figure 8 , bottom) or the maintenance of contextual cueing in Experiment 1c (Figure 8, top) , perhaps because anticipatory responses were precluded with a 0-s SOA. Nevertheless, pigeons in Experiment 2b did appear to have learned the context-target associations with a 0-s SOA, as evidenced by their rapid expression of faster RTs at all nonzero SOAs (Figure 5, bottom) .
Taking all of this work into account, it appears that the results of our experiments more strongly support the attentional guidance interpretation. However, we do concede that it is possible that both early-stage attentional guidance and late-stage response generation may have contributed to our contextual cueing effect at nonzero SOAs. Future research would do well to devise new paradigms to differentiate these two plausible processes in contextual cueing.
Experiment 3
Experiments 1 and 2 thus provide compelling evidence that real-world scenes can readily serve as effective contextual cues to guide pigeons' attention and responding to the location of an upcoming target. Having established this fact, we next asked, just what information in the scenes did the pigeons use to locate the target? Is this information conveyed by global properties of the scenes or is it conveyed by local features immediately adjacent to the upcoming target, or do both global and local scene cues participate in the contextual cueing effect that we observed?
Questions concerning the hierarchical nature of stimulus control have previously been investigated by researchers studying contextual cueing. In contrast with studies using arrays of distractors (Brady & Chun, 2007 ; Y. Jiang & Wagner, 2004) , studies using naturalistic scenes have consistently found that attentional guidance is based on the global perception of scenes rather than on the local stimuli immediately adjacent to the target. Brockmole, Castelhano, and Henderson (2006) found no decrement in contextual cueing when the local cues surrounding the target were altered while the global cues were preserved; yet when global scene information was changed while local cues were held constant, the RT benefits from contextual cueing were eradicated. Later experiments have directly compared array-based and scenebased contextual cueing. Using arrays of three-dimensional objects displayed on a large table within a global scene, Brooks, Rasmussen, and Hollingworth (2010) found that array-based learning was nested within scene-based learning; using arrays of twodimensional objects superimposed on a scene, Rosenbaum and Jiang (2013) found that scene learning completely overshadowed any array learning.
Eye movement research has found that participants have quicker access to global information, although local visual information surrounding the target may also exert behavioral control. For example, Brockmole and Henderson (2006b) showed participants photographic scenes paired with letter targets in predictable locations. Then, the scenes and the associated target locations were both horizontally reversed. This concerted reversal spatially disturbed the left-right relationship of the local scene cues immediThis document is copyrighted by the American Psychological Association or one of its allied publishers.
ately surrounding the target while preserving the global identity of the scene. For example, if the target was located on a particular building on the left of an image, the building (and the target) would now be located on the right, while the global structure of the skyline could remain intact. The results showed that participants' eyes first moved toward the target's original location, indicating that the preserved global contexts exerted initial attentional control; however, when that first search failed to find the target, participants' eyes subsequently moved to the target's new location. These findings suggest that when global recognition of the context provides insufficient spatial information to find the target in its new location, local information comes into play. Elaborating on Brockmole and Henderson's (2006b) study, we designed Experiment 3 to see whether global scene information or detailed local information guides pigeons' attention and behavior toward the location of an upcoming target. Rather than only jointly changing the target's location along with left-right mirror reversals (as had Brockmole & Henderson, 2006b) , we presented the target in both the reversed location (local cue condition) and in its original location (global cue condition). In addition, we varied the predictive contexts with both left-right and top-bottom mirror reversals (horizontal reversal vs. vertical reversal conditions, respectively) to better assess the robustness of contextual cueing to large-scale contextual changes. In addition to recording RTs, we also measured the location of any anticipatory pecks to the horizontally and vertically reversed contexts to see whether the pigeons' attention was more globally or more locally controlled. If attention were more globally controlled by the scenes, then the pigeons' anticipatory pecks should be directed toward the original location of the target, thereby encouraging the pigeons' RTs to be fastest when the target is actually presented in the "original" location on the reversed scene. However, if attention were more locally controlled by specific features in the scenes, then the pigeons' anticipatory pecks should be directed toward the changed location of the target, thereby encouraging the pigeons' RTs to be fastest when the target is presented in that "changed" location on the reversed scene.
Method
Design. Daily sessions contained original training trials (predictive and random trials) randomly intermixed with four different kinds of testing trials. Training trials followed the same design as in Experiment 1a. Testing trials included four new conditions created from each pigeon's four original predictive contexts: horizontal global, horizontal local, vertical global, and vertical local. As shown in Figure  9 , the testing contexts were either horizontally or vertically reversed (horizontal reversal vs. vertical reversal conditions). In addition, on testing trials, the target was either presented in the same location where it had previously appeared on training trials (global cue condition) or in a new location that was horizontally or vertically reversed in concert with the now reversed scenes (local cue condition).
Training and testing. The experimental procedure was the same as in Experiment 1a, except that 16 daily sessions comprised 192 training trials (predictive and random trials) randomly intermixed with 48 testing trials. The testing stimuli were 16 different scene-target arrangements, each presented three times. Half of the testing stimuli were created by horizontally reversing each of the four predictive contexts (house, mountain, lake, and cemetery); the other half of the testing stimuli were created by vertically reversing the same four predictive contexts. In both horizontal and vertical reversal conditions, on half of the trials, the target was presented in the same location where it had been presented on training trials; on the other half of the trials, the target was presented in the location that was horizontally reversed (in the horizontal reversal condition) or vertically reversed (in the vertical reversal condition).
Results and Discussion
First, we analyzed RTs to the target stimulus on all training and testing trials to confirm that the predictive and random training contexts again differed from one another as well as that the training and testing contexts differed from one another. These RTs (see Figure 9) and all four testing conditions. Because the predictive condition supported faster RTs than all four testing conditions, it appears that global and local cues each controlled pigeons' visual search behavior, as both were changed in our experimental design; subsequent analyses more precisely examined the respective contributions of these cues. The random condition also supported significantly longer RTs than the horizontal global condition and significantly shorter RTs than the horizontal local condition, but it did not support significantly different RTs from the vertical global or vertical local conditions. Thus, our manipulation of local and global scene cues, as in the horizontal local condition, was strong enough to yield RTs with predictive scene backgrounds that were even slower than with random scene backgrounds. The Condition ϫ Day interaction was also significant, F(75, 525) ϭ 2.37, p Ͻ .001, p 2 ϭ .25, 95% CI [.09, .15]. Nevertheless, in both the first and second halves of the experiment, the pigeons' pattern of responding in all six conditions remained the same; the RT disparities among the four testing conditions became slightly smaller, with RTs in the predictive and random conditions remaining unchanged.
Second, we focused our main RT analyses on the testing trials alone, in order to factorially assess how global versus local cues affected RTs to horizontally versus vertically reversed contexts. These RTs were submitted to a repeated-measures ANOVA with reversal type (horizontal vs. vertical .20, .47] , with the RT disparities among the four testing conditions becoming slightly smaller from the first to the second half of the experiment.
In both the horizontal and vertical reversal conditions, RTs were faster in the global than in the local cue conditions (see Figure 9) . However, the interaction between cueing type and reversal type was significant, F(1, 7) ϭ 27.13, p Ͻ .001, p 2 ϭ .79, 95% CI [.24, .89], indicating a greater global-local disparity for horizontal than for vertical reversals.
Tukey post hoc analyses indicated that the horizontal global condition (M ϭ 953 ms, SE ϭ 31.66) supported significantly shorter RTs than the other three conditions (see Figure 9) , p Ͻ .05; in addition, RTs in the vertical global condition (M ϭ 1,179 ms, SE ϭ 39.31) were significantly shorter than those in the two local conditions, p Ͻ .05; RTs in the horizontal local condition (M ϭ 1,609 ms, SE ϭ 56.83) and in the vertical local condition (M ϭ 1,441 ms, SE ϭ 49.79) did not differ significantly. The Cueing Type ϫ Reversal Type ϫ Day interaction was also significant, F(15, 105) ϭ 1.80, p Ͻ .05, p 2 ϭ .20, 95% CI [.00, .23]. In both the first and second halves of the experiment, the RT pattern captured by the Cueing Type ϫ Reversal Type interaction remained the same, with the disparities among the four conditions becoming slightly smaller in the second half. No other main effect or interaction was significant. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
How can these reliable differences best be understood? The horizontal global trials and the horizontal local trials displayed the same visual scene; in the former case, the target appeared in the correct absolute position on the screen, but in the incorrect position relative to the local scene cues, whereas in the latter condition, the target appeared in the correct position relative to the local scene cues, but in the incorrect absolute position on the screen. The faster RTs on horizontal global trials than on horizontal local trials clearly document stronger global than local cue control. The same trend was obtained on vertical global and vertical local trials, but with the disparity between the vertical reversal conditions being smaller than between the horizontal reversal conditions. The smaller disparity in the vertical reversal conditions suggests that horizontal reversals better supported the recognition of visual scenes than did vertical reversals. Categorization studies using naturalistic stimuli with intact backgrounds have also found that horizontal and vertical reversals of the same images differentially affected pigeons' discriminative performance. When category-trained birds were later tested with reversed stimuli, their accuracy dropped significantly when the images were vertically reversed; however, no drop in accuracy was observed when the training stimuli were horizontally reversed (Wasserman, Kiedinger, & Bhatt, 1988, Experiment 3) .
Finally, consider the horizontal local and vertical global contexts. In the former case, when overall performance indicated that the scene was less disruptively reversed, the target appeared in the correct position relative to local scene cues, but it was put into the incorrect absolute position on the screen; in the latter case, when overall performance indicated that the scene was more disruptively reversed, the target appeared in the incorrect position relative to local scene cues, but it was put into the correct absolute position on the screen. Nevertheless, the vertical global contexts supported faster RTs than the horizontal local contexts. This disparity again documents stronger global than local cue control.
We then analyzed our pigeons' anticipatory responses during the SOA to see how the training and testing scenes may have guided the birds' attention and facilitated their target search. For anticipatory responses on training trials, our analyses replicated the results in Experiments 1a and 2c. The rate of anticipatory responding was submitted to a repeated-measures ANOVA with condition (predictive vs. random) and day (1 to 16) as within-subjects factors. The main effect of condition was marginally significant, F(1, 7) ϭ 5.14, p ϭ .06, p 2 ϭ .42, 95% CI [.00, .69], with the predictive contexts again supporting generally higher rates of anticipatory responding (M ϭ 0.88 pecks per second, SE ϭ 0.05) than the random contexts (M ϭ 0.46 pecks per second, SE ϭ 0.06). The main effect of day was significant, F(15, 105) ϭ 2.28, p Ͻ .01, p 2 ϭ .25, 95% CI [.02, .28], indicating an increasing rate of anticipatory responding as training progressed. The interaction between condition and days was not significant, F Ͻ 1.
We also examined the location of anticipatory pecks to the predictive contexts on training trials. The corrected rate of anticipatory responding was submitted to a repeated-measures ANOVA with response type (correct vs. incorrect anticipatory response) and day (1 to 16) as within-subjects factors. The main effect of response type was significant, F(1, 7) .24] ; from the first half to the second half of the experiment, the correct-incorrect disparity in pecking became smaller.
To determine how global or local cues may have directed the pigeons' attention and responding, we analyzed the rate of anticipatory pecking to the contexts on testing trials. For this analysis, we divided the entire scene area into four equal-sized quadrants. We denoted the quadrants as follows: global cue (GC), local cue (LC), possible location (PO), and impossible location (IM; see Figure 10 ). The global cue location refers to the quadrant to which the pigeons should have directed their pecks based on the entire composition of the scene, despite the fact that the scene was now reversed either horizontally or vertically; this quadrant continued to contain the target on predictive training trials. The local cue location refers to the quadrant to which the pigeons should have directed their pecks based on the cues that were closest to the target on predictive training trials, despite the fact that those local cues were now either horizontally or vertically reversed. The possible location and the impossible location refer to the pair of quadrants to which the pigeons should never direct their pecks, because these regions never contained the target stimulus on predictive training trials. We counted pecking in those quadrants as a control for pigeons' indiscriminate pecking. We separated these quadrants into those that, in our factorial design, could contain the target on testing trials (possible location) and those that could not (impossible location); in neither case did we expect the pigeons to peck very much.
Recall that our RT analyses clearly indicated that global cues exerted stronger control over pigeons' RTs than local cues. Thus, we expected more anticipatory pecks to be made to the GC locations than to the LC locations. Additionally, because the RT disparity between the global and local conditions was greater in the horizontal reversal conditions than in the vertical reversal conditions, we expected the disparity between anticipatory pecks to the GC locations and those to the LC locations to be greater in the horizontal reversal conditions than in the vertical reversal conditions. Because anticipatory responses were made prior to the presentations of the target, the global cue versus local cue conditions arranged in the experiment were irrelevant to the present analysis; we only examined in which of the four types of quadrants greater anticipatory responding occurred to the horizontally versus vertically reversed contexts.
The rate of anticipatory responding was analyzed using a repeated-measures ANOVA with day (1 to 16), reversal type (horizontal vs. vertical reversal), and response type (global cue vs. local cue vs. possible location vs. impossible location) as withinsubjects factors. The main effect of response type was significant, F(3, 21) ϭ 184.84, p Ͻ .001, p 2 ϭ .96, 95% CI [.91, .97 ], indicating that different parts of the testing scenes differentially controlled anticipatory responding. Tukey post hoc analyses indicated that, compared with pecking in the other three locations, the rate of anticipatory responding in the GC location (M ϭ 0.47 pecks per second, SE ϭ 0.03) was reliably greatest, p Ͻ .05, as evidence This document is copyrighted by the American Psychological Association or one of its allied publishers.
that the global information in the visual contexts directed the pigeons' anticipatory responding. The rate of pecking in the LC location (M ϭ 0.17 pecks per second, SE ϭ 0.01) also differed reliably from pecking in both the PO location (M ϭ 0.09 pecks per second, SE ϭ 0.01) and the IM location (M ϭ 0.11 pecks per second, SE ϭ 0.01), suggesting that local cues also exerted weaker, but nevertheless reliable, control over anticipatory responding. Pecking to the PO and IM locations did not reliably differ. The main effect of reversal type was also significant, F(1, 7) ϭ 20.47, p Ͻ .001, p 2 ϭ .96, 95% CI [.78, .98] , with the rate of anticipatory responding being higher in the horizontal reversal condition (M ϭ 0.24 pecks per second, SE ϭ 0.03) than in the vertical reversal condition (M ϭ 0.18 pecks per second, SE ϭ 0.01).
Moreover, the interaction between response type and reversal type was significant, F(3, 21) ϭ 42.85, p Ͻ .001, p 2 ϭ .86, 95% CI [.68, .90] . Tukey post hoc analyses revealed that, in the horizontal reversal condition, the rate of anticipatory responding in the GC location was significantly higher than in the other three locations, p Ͻ .05, whereas the rate of anticipatory responding in the LC, PO, and IM locations did not differ from each other (Figure 10, top) . This result suggests that, when the contexts were horizontally reversed, the pigeons' attention was predominantly controlled by global cues. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
In the vertical reversal condition, the rate of anticipatory responding in the GC location was again significantly higher than in the other three locations; in addition, the rate of anticipatory responding in the LC location differed reliably from the PO location, but not from the IM location; the rate of anticipatory responding in the PO and IM locations did not reliably differ (Figure 10, bottom) . No other main effect or interaction was reliable. This pattern of results suggests that when the contexts were vertically reversed, both global and local contexts exerted attentional control. Perhaps because global cues were more strongly disrupted when the scenes were vertically reversed, local information surrounding the target was more effective for pigeons' anticipating the location of the upcoming target. Indeed, Tukey post hoc analyses indicate that significantly more anticipatory pecks were directed to the LC location in the vertical reversal condition than in the horizontal reversal condition.
Finally, we explored whether anticipatory responding to the quadrant where the target was about to appear (correct responding vs. adjusted incorrect responding) in the predictive condition and in each of the four testing conditions could have contributed to our overall pattern of RT results. We calculated the five mean RTs (predictive vs. horizontal global vs. horizontal local vs. vertical global vs. vertical local) as well as the five mean disparity scores for anticipatory contextual responses (correct location vs. incorrect location) across all 16 days, and then correlated them with one another (see Table 1 ). The resulting correlation was Ϫ0.99, p Ͻ .001. This extremely high correlation suggests that pigeons' specific pattern of anticipatory responding to the various scene contexts reliably contributed to their overall pattern of RT performance, with increases in correctly directed anticipatory responding supporting progressively briefer RTs.
The results of Experiment 3 thus indicate that global scene properties more effectively controlled pigeons' visual search behavior than did local scene details; nevertheless, local details did promote target detection when global scene processing was made less accessible for target search by mirror-image reversal. These results are broadly consistent with the earlier discussed eye movement studies of Brockmole and Henderson (2006b) , which suggested that detailed local cues could be used for target localization when global cues were sufficiently disrupted. These results do not agree with the findings of , which suggested that disrupting the global context should interfere with access to local information, or the results of Rosenbaum and Jiang (2014) , which suggested that local information should be poorly learned because of the overwhelming salience of global cues.
Although our pigeons exhibited exceptionally strong global control, it may be possible to reconcile the birds' also evidencing reliable local control with the fact that pigeons are often deemed to be adept processors of particulate visual information (see Wasserman & Biederman, 2012) . For example, although vertical scene reversals are much more disruptive to categorization behavior than are horizontal scene reversals (Wasserman et al., 1988) , pigeons still respond well above chance with vertically reversed stimuli, suggesting that the local cues that were learned in training are still sufficient to support correct categorization behavior.
One issue with the use of naturalistic stimuli in both human and animal research is that they may constrain the results of certain stimulus transformations. Whereas artificial stimuli can be designed so that horizontal or vertical reversals equally disrupt stimulus identity, the superstructure of a "naturalistic scene" may impart a kind of regularity that systematically affects such transformations. For example, common features of naturalistic scenes, such as "sky" and "ground," each extend horizontally, but not vertically; this factor ought to make vertical reversals more unlike the original scenes than horizontal reversals.
To assess the similarity of the context across horizontal and vertical reversals in our study, we utilized the gist descriptor, which analyzes the energy spectra of images in various regions (Oliva & Torralba, 2001 ) and has previously been used to assess scene similarity. We computed the Gist Descriptors for each image and for each of the reversed versions. To compare the similarity of those images, we then took the sum of the squared differences between the Gist Descriptor of each original context and the Gist Descriptor its two reversed versions. These similarity scores were then compared using a paired t test. Across the four predictive contexts alone, t(3) ϭ 3.93, Cohen's d ϭ 2.46, p Ͻ .05, and across all eight contexts, t(7) ϭ 3.09, Cohen's d ϭ 1.59, p Ͻ .05, horizontal reversals were more similar to the original contexts than were the vertical reversals.
Notwithstanding this disparity in stimulus similarity associated with horizontal and vertical reversals of naturalistic scene backgrounds, our overall finding that global image properties dominated the local cues that immediately surrounded the target expands our understanding of the stimulus control of spatially directed behavior.
The role of global versus local cues in spatial cognition has been extensively examined using the familiar landmark-based spatial search paradigm (Spetch, Cheng, & Mondloch, 1992) . In such studies, pigeons must use a visual landmark to find a hidden target and then peck the area containing the hidden target to receive food. Results show that when the landmark is shifted, the peak place of pigeons' pecking moves along with the shifted landmark, indicating that the birds use the landmark, which conveys detailed spatial information for target localization. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Cheng and Spetch (1995) subsequently investigated whether, in addition to the landmark, pigeons can use a global cue-the square outline (frame) of the search array-to find a hidden goal. Although search was primarily controlled by the landmark for some pigeons, for other pigeons, search was primarily controlled by the frame; indeed, still other birds used the relation between the frame and the landmark. Evidently, the control of visual search by global or local information may differ from individual to individual.
Overshadowing among competing landmarks further underscores the importance of local cues for target localization. Both pigeons and humans show stronger control by closer landmarks than by farther landmarks when both are simultaneously presented and signal target location (Leising, Garlick, & Blaisdell, 2011; Spetch, 1995) .
Our study, by contrast, yielded stronger evidence for global than for local control of spatially directed responding. This empirical disparity between our study and many earlier landmark search studies may stem from several sharp differences in the experimental paradigms. We always made the target visible to the pigeons after nonzero SOAs; during the SOAs, the birds were free to peck at the (target-absent) contexts, but they were never required do so. In the landmark search paradigm, the birds had to discover where the (never-visible) target was located and to peck within its unmarked boundaries to receive food (Cheng & Spetch, 1995; Spetch et al., 1992) . Moreover, our study entailed photographic scenes that were rich with visual information that could be associated with the location of the target; the traditional landmark search paradigm entails only a small number of local landmarks in the immediate vicinity of the hidden target. Even though the earlier overshadowing studies involving multiple local cues were more similar to our global scene study, the small number of landmarks that were presented in those studies does not approximate the richness of real-world scenes (Leising et al., 2011; Spetch, 1995) .
Our study also suggests that global and local cueing effects may be interdependent in pigeons as well as humans. Although the associations between the global contexts and the locations of the upcoming target more strongly contributed to the contextual cueing effect, local features associated with the placement of the upcoming target also influenced spatially controlled attention and responding. When both global and local information were intact (in the predictive condition), the pigeons most quickly pecked the target; when either global or local cues misdirected the pigeons away from the current target location, pecking the target was slowed.
Landmark-based studies have also found that the strength of local control can depend on the configuration of global cues (Legge, Spetch, & Batty, 2009) . Local versus global control turned out to depend on the horizontal, vertical, and diagonal patterns of two-, three-, four-, or five-element linear strings of items (as well as on the individual pigeons being studied). When linear arrays were horizontally arranged, pigeons attended more to local cues; when linear arrays were vertically or diagonally arranged, pigeons attended more to global cues.
General Discussion
Our study documents, for the first time, reliable contextual cueing in animals using real-world scenes as cueing contexts, and comparing visual search behavior with predictive and random contexts. Our study thus joins that of Goujon and Fagot (2013) in documenting the species and situational generality of contextual cueing.
The baboons in Goujon and Fagot (2013) responded more quickly to repeated patterns of distractors that were uniquely paired with particular target locations than to other patterns of distractors that were randomly associated with target locations; our pigeons responded more quickly to repeated photographic scenes that were uniquely paired with particular target locations than to other photographic scenes that were randomly associated with target locations. The learning of context-target associations was remarkably fast in each species; reliable contextual cueing was seen after only 24 training trials for baboons and after only 256 training trials for pigeons. Baboons exhibited reliable contextual cueing at a 0-s SOA; pigeons did not do so, but they did exhibit rapid and reliable contextual cueing when later exposed to nonzero SOAs. Goujon and Fagot (2013) did not investigate the effect of the SOA on contextual cueing. We saw little difference in contextual cueing when we varied SOAs from 1 s to 8 s. Although pigeons were not required to do so, they did peck during the SOAs. Examining those pecks, we found (a) that pigeons pecked at a higher rate on predictive trials (when they could anticipate the location of the upcoming target) than on random trials (when they could not anticipate the location of the upcoming target), and (b) that on predictive trials, pigeons were more likely to peck the quadrant in the scene where the target was about to appear than to peck in the three other quadrants. These spatially appropriate anticipatory responses appear to have contributed to the shorter RTs on predictive than on random trials.
Such rapid and robust learning strongly recommends itself for researchers seeking new and efficient paradigms to study associative learning processes. It also suggests that even though all that the pigeons had to do to procure food reinforcement in this task was to peck the target when it appeared, the birds visually processed and remembered the preceding context, and associated it with the location of the upcoming target stimulus. Such unrequired stimulus-stimulus learning is reminiscent of anticipatory spatial learning in autoshaping (Wasserman, Carr, & Deich, 1978) .
Indeed, if one were to analyze the contextual cueing paradigm from the perspective of stimulus-stimulus and response-stimulus contingencies, then one would have to concede that stimulusstimulus learning plays a surprisingly large part. Still, one could argue that our pigeons' moving toward and pecking at regions of the predictive scenes that uniquely signaled the imminent presentation of the target stimulus may convey a small, but measurable advantage: The briefer RTs that empirically define contextual cueing are associated with shorter delays to food reinforcement. Future research might well pursue the implications of this delay of reinforcement analysis.
Finally, it should be noted that much of what made human contextual cueing interesting to the vision science community was that Chun and Jiang (1998) deemed the phenomenon to be a form of implicit, incidental learning, with humans being unable to recognize the predictive contextual cues in later explicit recognition tests. There are two parts to this claim.
First, participants can ably perform the target identification task without engaging in learning at all: They must merely locate and respond to the target. Thus, it can safely be assumed that learning This document is copyrighted by the American Psychological Association or one of its allied publishers.
the predictive contexts in the contextual cueing task represents incidental learning. Second, learning proceeds implicitly, that is to say, without awareness. This claim has not gone unchallenged. Recent tests of awareness using possibly more sensitive recognition measures has yielded evidence of explicit learning in contextual cueing (Smyth & Shanks, 2008) . Indeed, unlike cueing with arrays of distractor objects, scene-based contextual cueing has often resulted in participants expressing explicit awareness of the link between background context and target location (Brockmole & Henderson, 2006a) .
Given the thorny problems associated with objective measures of awareness in humans, it is unlikely that animal research will make much headway on the role of awareness in contextual conditioning. Nevertheless, animal research into contextual cueing offers considerable potential for elucidating the evolutionary and biological bases of this important phenomenon.
